
IiNDEX TOBENET LABORATORIES TECHNICAL REPORTS - 1986 1/2
(U) RMY ARMAMENT RESEARCH DEVELOPMENT AND ENGINEERING
CENTER WATERVLIlET NV BENE T WdEAPONS LAB R D NEIFELD

UNCLASSIFIED AUG 87 ARCCB-SP-87822 F/G 5/2 NL

EhhmhEEmhhmhhE
EhhhEmhohEohhE
smEohlhEEEEoh



a 1 4

1.00
IINIo I M3

L1.

L.. ha

M, -ROC , RESOLUTION TEST CHAF



-.. € SPECIAL PUBLICATION ARCCB-SP-87022

*TECHNICAL REPORTS 1986

~R. D. NEIFELD

'--; TECHNICAL PUBLICATIONS AND EDITING UNITYE--

~ELECTE

;?;: ~AUGUST 1987 " J

JUS ARMY ARMAMENT RESEARCH, DEVELOPMENT

-AND ENGINEERING CENTER
S~P ECLOSE COMBAT ARMAMENTS CENTER

INDEX TO BENtT WEAPONS LABORATORY
TC WATERVLIET, N.Y. 12189-4050

APPROVED FOR PUBLIC RELEASE; DISTRIBUTION UNLIMITED

0D-. C

l"" .r -.. . .. ., ,. i. .; .- ,.. ' ; ;. . , ,.t.,.. ' • . .._ ... .% ;._,, .,.. ..:,.,.E. CT E.- -, -. ._-.

AUGUST-1987 -..... <.*-D</



I=. 777

DISCLAIMER

The findings in this report are not to be construed as an official

Department of the Army position unless so designated by other authorized

documents.

The use of trade name(s) and/or manufacturer(s) does not constituteSan official indorsement or approval.
DESTRUCTION NOTICE

For classified documents, follow the procedures in DoD 5200.22-M,

Industrial Security Manual, Section 11-19 or DoD 5200.1-R, Information

Security Program Regulation, Chapter IX.

For unclassified, limited documents, destroy by any method that will

prevent disclosure of contents or reconstruction of the document.

For unclassified, unlimited documents, destroy when the report is

no longer needed. Do not return it to the originator.
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of Autofrettaged High Pressure
Vessels

2



TECHNICAL REPORTS 1986 (CONT.)

REPORT NUM1BER TITLE AUTHOR DATE

ARCCB-TR-86021 Unloading-Compliance and Load-Drop J.H. Underwood Jun 86
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Autofrettaged Cylinder with an V.P. Greco
Outside Diameter Notch: The Effects R.T. Abbott
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Projectiles J.J. Zalinka

3



TECHNICAL REPORTS 1986 (CONT.)

REPORT NUMBER TITLE AUTHOR DATE

ARCCB-MR-86032 The Use of Embrittling Metals in M.H. Kamdar Sep 86
Small Caliber Penetrators to
Increase Their Lethality

ARCCB-TR-86033 The Bauschinger Effect on Stress S.L. Pu Oct 86
Intensity Factors for a Radially P.C.T. Chen
Cracked Gun Tube

ARCCB-TR-86034 Acoustoelastic Effects in W. Scholz Oct 86
Autofrettaged Steel Cylinders J. Frankel

ARCCB-TR-86035 Equation of State and Sound J. Frankel Oct 86
Velocities From Isotropic M.A. Hussain
Continuum Mechanics

ARCCB-CR-86036 Fatigue and Fracture of Al/SiC N.E. Dowling Oct 86
Metal Matrix Composite Material R.B. Brown
for Gun Tube Applications J.H. Underwood

(BWL POC)

ARCCB-TR-86037 Testing Curve Fit R. Soanes Nov 86

ARCCB-CR-86038 Wall Thickness and Flow Mach H.T. Nagamatsu Nov 86
Number Effects on Pressure K.Y. Choi
Distribution in the Vent Hole R.E. Duffy
for Perforated Muzzle Brakes P.M. Vottis

(BWL POC)

ARCCB-TR-86039 Summary of the Proceedings of the J.H. Underwood Dec 86
Seventeenth National Symposium R. Chait
on Fracture Mechanics C.W. Smith

D.P. Wilhem
W.R. Andrews
J.C. Newman

ARCCB-MR-86040 Comment on Paper by Yau and Chou J.H. Underwood Dec 86
Titled "Notched Strength of Woven
Fabric Composites with Molded-In
Holes"

ARCCB-CR-86041 Capability Enhancement of the K. Berman Dec 86
Propellant Combustor Performance A.R. Graham
Tester (BWL POC)

4



AUTHOR INDEX- -1986

AUTHOR REPORT NUMBER

Abbott, R. T. ARCCB-TR-86022

Ahmad, I. ARCCB-TR- 86008

Andrews, W. R. ARCCB-TR- 86039

Atchinson, J. ARCCB-TR-86005

Berman, K. ARCCB-CR-8604 1

Bilinsky, W. J. ARCCB-TR- 86001

Brownm, R. B. ARCCB- CR- 86036

Busuttil, J. J., Jr. ARCCB-TR-86009

Calabrese, S. J. ARCCB-CR- 86006

Capsimalis, G. P. ARCCB-TR- 86008
ARCCB-TR- 86010
ARCCB-CR-86011

Chait, R. ARCCB-TR- 86039

Chen, E. S. ARCCB-TR- 86008

Chen, P. C. T. ARCCB-TR- 86012
ARCCB-TR-86020
ARCCB-TR-86033

Cheng, Y. F. ARCCB-TR- 86027

Choi, K. Y. ARCCB-CR-86038

Cobb, C. E. ARCCB-TR- 86027

Cogdell, J. D. ARCCB- CR- 86006

Cole, D. ARCCB-CR-86017

Cote, P. J. ARCCB-TR- 86026

Dahl, R. A. ARCCB-CR-86017

Dandekar, D. P. ARCCB-TR-860 18

Das, P. K. ARCCB-TR- 86010

1111p,



AUTHOR INDEX--1986 (CONT.)

AUTHOR REPORT NUMBER

Dennis, K. R. ARCCB-CR- 86029

Dowling, N. E. ARCCB-CR-86029
ARCCB-CR-86036

Duffy, R. E. ARCCB-CR-86038

Frankel, J. ARCCB-TR-8600 3
ARCCB-TR- 86004
ARCCB-TR-86018
ARCCB-TR- 86034
ARCCB-TR- 86035

Friar, G. S. ARCCB-CR-86006
ARCCB-TR- 86025

Goekjian, K. S. ARCCB-TR-86010

Graham, A. R. ARCCB-CR-86041

Greco, V. P. ARCCB-TR-86022

Haggag, F. M. ARCCB-TR-86021

Hettwer, R. V. ARCCB-CR-86017

Hidalgo, C. J. ARCCB-TR-86010

Hussain, M. A. ARCCB-TR-86035

Jamieson, J. C. ARCCB-TR- 86018

Janssen, M. ARCCB-CR-86017

Jones, D. E. ARCCB-CR-86016
ARCCB-CR-86017
ARCCB-TR-86025
ARCCB-CR- 86030

Jones, L. ARCCB-TR- 86010
ARCCB-CR-86011

Kamdar, M. H. ARCCB-TR- 86014
ARCCB-TR- 86028
ARCCB-MR- 86032

6

r - -ibw



vW1 7WW-WW.~rTvlw-

AUTHOR INDEX--1986 (CONT.)

AUTHOR REPORT NUMBER

Kapp, J. A. ARCCB-TR- 86001
ARCCB-TR- 86009
ARCCB-TR-86022

Korman, W. J. ARCCB-TR- 86003

Laprade, K. C. ARCCB-TR-86010

Matsuda, T. ARCCB -TR- 86026

McAlonie, H. D. ARCCB-CR-86029

McDonald, J. F. ARCCB-TR- 86010
ARCCB -CR- 86011

Meisel, L. V.. ARCCB-TR-86026

Mizutani, U. ARCCB-TR- 86026

Murray, S. F. ARCCB-CR- 86006

Nagamatsu, H. T. ARCCB-CR-86038

Neifeld, R. D). ARCCB-SP-86019

Newman, J. C. ARCCB-TR- 86039

O'Hara, G. P. ARCCB-MR-96013

Osborne, M. W. ARCCB-CR-86017

Paedelt, V. ARCCB-CR- 86006

Peterson, R. E. ARCCB-TR-86008

Pflegl, G. A. ARCCB-TR-86002

Polai, J. ARCCB-CR-8601 7

Pu, S. L. ARCCB-TR-86033

Racicot, R. L. ARCCB-TR- 86007

Reuter, W. G. ARCCB-TR- 86021

Scanlon, R. D. ARCCB-TR-86002

7



AUTHOR INDEX--1986 (CONT.)

AUTHOR REPORT NUMBER

Scavullo, M. A. ARCCB-TR- 86031

Schmidt, R. C. ARCCB-CR- 86017
IL

Scholz, W. ARCCB-TR- 86004
ARCCB-TR- 86018
ARCCB-TR-86034

Senick, J. ARCCB-TR-86005

Shen, C. N. ARCCB-TR-86007

Shyu, H. A.RCCB-TR-86010

Simkins, T. E. ARCCB-TR- 86002

Smith, C. W. ARCCB-TR- 86039

Soanes, R. ARCCB-TR-86037

Thornton, P. ARCCB-TR- 86005

Troiano, E. ARCCB-MR-86023

Underwood, J. H. ARCCB-TR- 86015
ARCCB-TR-8602 1
ARCCB-TR- 86029
ARCCB-TR- 86031
ARCCB-CR-86036
ARCCB-TR- 86039
ARCCB-MR-86040

Vasilakis, J. D. ARCCB-TR-86024

Vassiliou, J. ARCCB-TR-86018

Vottis, P. NI. ARCCB-CR-86038

Wilhem, D. P. ARCCB-TR- 86039

Zalinka, J. J. ARCCB-TR-86031

8



CONTRACTOR REPORT INDEX

CORPORATE AUTHOR REPORT NUMBER

Bell Aerospace Textron ARCCB-CR-86041
Buffalo, NY

Emerson Electric Company ARCCB- CR- 86016
St. Louis, MO

FMC Corporation ARCCB-CR-86017
Minneapolis, MN

Rensselaer Polytechnic Institute ARCCB-CR-86006
Troy, NY ARCCB-CR-86011

ARCCB- CR-86038

Virginia Polytechnic Institute ARCCB-CR-86029
and State University ARCCB -CR- 86036

Blacksburg, VA

Western Design Corporation ARCCB-CR-86030
Irvine, CA

9



SUBJECT INDEX- -1986

SUBJECT REPORT NUMBER

Abstracts ARCCB-SP- 86019

Acceptance Tests ARCCB-TR- 86031

Acoustic Detection ARCCB-CR-86011

Acoustic Images ARCCB-TR- 86010

Acoustoe lasticity ARCCB-TR- 86034

Adhesive Bonding ARCCB-CR-86006

ADINA Computer Program ARCCB-TR- 86024

Alternate Specimens ARCCB-TR-8600 1

Aluminum ARCCB-TR- 86018
ARCCB-CR-86036

Aluminum Alloys ARCCB-MR-86023
ARCCB-TR-86031

Ammuuni ti on ARCCB-CR-86016
ARCCB-CR-86017
ARCCB-CR-86030

Amorphous Materials ARCCB-TR-86026

Anodic Coatings ARCCB-MR-86023

Arc Tension ARCCB-TR-8600 1

Armor ARCCB-MR-86032

Austenite ARCCB-TR-86028

Autofrettage ARCCB-TR- 86009
ARCCB-TR- 86012
ARCCB-TR- 86020
ARCCB-TR-86022
ARCCB-TR- 86034

Automation ARCCB-CR-860 16

* ARCCB-CR-86017
ARCCB -CR- 86030

Ball Peening ARCCB-TR-86022

10



SUBJECT INDEX--1986 (CONT.)

SUBJECT REPORT NUMBER

Ballistics ARCCB-TR-86002

Bauschinger Effect ARCCB-TR-86012
ARCCB-TR-86020
ARCCB-TR-86033

Bend Specimens ARCCB-TR-8602 1

Bibliographies ARCCB-SP-86019

Binomial Process ARCCB-TR-86037

Bismaleimides ARCCB-CR-86006

Blast Waves ARCCB-CR- 86038

Burning Rate ARCCB-CR-86041

Carbides ARCCB-TR-86028

Chemical Conversion Coatings ARCCB-MR-86023

Chromiuml ARCCB-TR- 86003

Combat Vehicles ARCCB-CR-860 16
ARCCB-CR-86017
ARCCB -TR- 86025
ARCCB-CR-86030

Combustors ARCCB-CR-86041

Composite Materials ARCCB- CR-86006
ARCCB-MR-86040

Computer-Aided Design ARCCB-MR-860 13

Computer Programming ARCCB-CR-8601 1

P.?Computers ARCCB- CR-86029

Continuum Mechanics ARCCB-TR- 86035

Corrosion Resistance ARCCB-MR-86023

Crack Propagation ARCCB-TR-8602 1
ARCCB-TR-86022
ARCCB-CR- 86029
ARCCB-MR-86040

Am



SUBJECT INDEX--1986 (CONT.)

SUBJECT REPORT NUMBER

Cracking (Fracturing) ARCCB-TR-8601S

Cracks ARCCB-TR-86028

Curve Fitting ARCCB -TR- 86037

Cylindrical Bodies ARCCB-TR- 86009
ARCCB-MR-86013
ARCCB-TR-86022
ARCCB-TR-86027
ARCCB-TR-860 34

De format ion ARCCB-MR- 86013

Detection ARCCB-TR- 86007

Ductile Fracture ARCCB -TR- 86039

Dynamics ARCCB-TR-86002
ARCCB-TR- 86025

Elastic-Plastic Unloading ARCCB-TR-86033

Elastic Properties ARCCB-TR-86004
ARCCB-TR-860 15
ARCCB-TR-860 18

4 ARCCB-TR-86034
ARCCB-TR-8603S

Electrical Transport ARCCB-TR- 86026

E lectrodeposition ARCCB-TR-86008

Electrolytes ARCCB-TR- 86008

Embritt lement ARCCB-TR-860 14
ARCCB-MR-86032

Equations of State ARCCB-TR- 86035

Erosion Resistance ARCCB-TR-86008

Fabrication ARCCB-CR-86006

Fatigue Life ARCCB-TR-86009
ARCCB-TR-86022
ARCCB -CR-86029

12



SUBJECT INDEX--1986 (CONT.)

SU&JECT REPORT NUMBER

Fatigue (Mechanics) ARCCB-TR- 86014
ARCCB-MR- 86032
ARCCB-CR-86036

Fiber-Reinforced Composites ARCCB-CR-86006

Finite Element Analysis ARCCB-MR-86013
ARCCB-TR-86024

Flaw Detection ARCCB.-CR- 86011

Fracture (Mechanics) ARCCB-TR-8600 1
ARCCB-TR- 86009
ARCCB-TR-86014
ARCCB-TR-860 15
ARCCB-TR-8602 1
ARCCB-NIR-86032
ARCCB- CR -86036
ARCCB-TR- 86039

Fused Salts ARCCB-TR-86008

Generic Ammunition Loading System (GALS) ARCCB-CR-86016
ARCCB- CR- 86017
ARCCB-CR-86030

Gradient Change ARCCB-TR-86007

Graphited Materials ARCCB-CR-86006

Gun Barrels ARCCB-TR-860 12

Gun Tubes ARCCB-TR- 86002
ARCCB-TR- 86003
ARCCB-TR-86028
AACCB-CR-86029
ARCCB-TR-86033
ARCCB- CR- 86036

Guns ARCCB-SP-860 19

High Pressure ARCCB-TR-860 18
ARCCB-TR-86035

High Resolution ARCCB-TR- 86010

13



SUBJECT INDEX--1986 (CONT.)

SUBJECT REPORT NUMBER

High Strength Alloys ARCCB-TR-86009
ARCCB-TR-86012
ARCCB-TR- 86020

High Temperature ARCCB-CR- 86006

Hol ography ARCCB-TR-86010

Hot Isostatic Pressing ARCCB-TR- 86005

Hypotheses ARCCB-TR- 86037

Imaging ARCCB-TR-86010

ARCCB-CR-860 11

Inspection ARCCB- CR- 86011

Isotropic Mechanics ARCCB-MR- 86040

J Analysis ARCCB-TR-8600 1

JI Testing ARCCB-TR- 86001
ARCCB-TR- 86021

Kinematics ARCCB-TR- 8602S

Kinetic Energy Projectiles ARCCB-TR-86031

Laplacian Method ARCCB-TR- 86007

Laser Tracking ARCCB-TR-86007

Lead ARCCB-TR- 86014

Lethality ARCCB- MR- 86032

Liquid Gun Propellants ARCCB-CR-86041

Liquid Metal Embrittlement ARCCB-TR-86014

ARCCB-MR-86032

Load-Drop Analysis ARCCB -TR- 86021

Loading (Handling) ARCCB-CR-86016
ARCCB- CR- 86017
ARCCB-CR-86030

14



SUBJECT INDEX-1986 (CONT.)

SUBJECT REPORT NUMBER

Load-Line Displacement ARCCB-TR-8602 1

Low Alloy Steels ARCCB-TR-86005

Magnesium Alloys ARCCB-TR-86026

Manipulators ARCCB-TR- 86025

Materials Handling ARCCB-TR- 86025

Mechanical Properties ARCCB-TR- 86005

Metal Matrix Composites ARCCB- CR-86036

Metals ARCCB-TR-86026
ARCCB -MR -86032

Microscopy ARCCB-TR-86028

Monopi-opel1lants, ARCCB-CR-86041

Muzzle Brakes ARCCB-CR-86038

Muzzle Rotation ARCCB-TR- 86002

Nickel ARCCB-TR- 86018

Niobium ARCCB-TR-86008

Nondestructive Testing ARCCB-TR-8602 7

Nonparametric Tests ARCCB -TR-860 37

Notch Root Radius ARCCB-TR-86022

Notch Toughness ARCCB-MR-860 40

Packaging ARCCB-CR- 86016
ARCCB-CR-86017
ARCCB-CR-86030

Parallel Processing ARCCB-TR-860 10

Penet rato rs ARCCB -MR-86032

Perforated Muzzle Brakes ARCCB- CR -86038

1s



SUBJECT INDEX--1986 (CONT.)

SUBJECT REPORT NUMBER

Phase Trans formations ARCCB-TR- 86024

Plating ARCCB -TR- 86003

Poisson's Ratio ARCCB-TR-86004

Polyimide Resins ARCCB-CR- 86006

Powder Metallurgy ARCCB-TR- 86005

Pressure Effects. ARCCB -TR- 86026

Pressure Vessels ARCCB-TR- 86009
ARCCB-TR- 86015
ARCCB -TR- 86020

Probability ARCCB-TR- 86007

Propellant Combustor Performance Tester (PCPT) ARCCB-CR-86041

Publications ARCCB-SP- 86019

Pulse-Echo Method ARCCB-TR-86027

Quenching ARCCB-TR-86024

Radial Cracks ARCCB-TR-860 33

Range Finding ARCCB -TR- 86007

Refractory Coatings ARCCB-TR- 86008

Reliability Modeling ARCCB-CR- 86016
ARCCB-CR-86017
ARCCB-CR-86030

Reports ARCCB-SP-860 19

Residual Analysis. ARCCB-TR-860 37

Residual Stress ARCCB-TR- 86012
ARCCB-TR- 86020
ARCCB-TR- 86024
ARCCB -CR- 86029
ARCCB-TR- 86033
ARCCB-TR- 86034

16



SUBJECT INDEX--1986 (CONT.)

SUBJECT REPORT NUMBER

Resins ARCCB-CR-86006

Reverse Yielding ARCCB-TR -86033

Robotics ARCCB-CR-86016
ARCCB-CR-860 17
ARCCB-TR -86025
ARCCB-CR- 86030

Shock Tubes ARCCB -CR- 86038

Silicon Carbides ARCCB-CR-86036

Single Crystals ARCCB-TR-86018

Solid Film Lubricants ARCCB- MR- 86023

Sound Velocities ARCCB-TR- 86035

Spectroscopy ARCCB-TR-86028

Spectrum Loading ARCCB-CR-86029

Stainless Steel ARCCB-TR-86021

Statistical Tests ARCCB-TR-86037

Steel ARCCB-TR- 86004
ARCCB-TR-86012
ARCCB-TR-86014
ARCCB-TR- 86028
ARCCB-CR-86029
ARCCB-TR- 86034

Strain Hardening ARCCB-TR- 86012
ARCCB-TR-86020

Stress Analysis ARCCB-TR-86020

Stress Concentration ARCCB -TR- 86009
ARCCB-MR- 86013
ARCCB-MR-86040

Stress Intensity ARCCB-TR- 86033

Symposia ARCCB-TR- 86039

17



SUBJECT INDEX--l986 (CONT.)

SUBJECT REPORT NUMBER

Test Methods ARCCB-TR-86015
ARCCB -TR- 86039

Thermal Expansion AIgCCB-TR-86026

Thick-Wall Cylinders ARCCB-TR- 86009
ARCCB-TR-86022
ARCCB-TR-86033

Thin Walls ARCCB-MR-86013

Threshold Effects ARCCB-TR-86007

Toughness ARCCB-TR-8600 1
ARCCB -TR- 86021

Transverse Motion ARCCB-TR-86002

Tungsten Alloys ARCCB-TR- 86031

Ultrasonic Imaging ARCCB-TR- 86010
ARCCB-CR-8601 1

Ultrasonic Tests ARCCB-TR- 86034

Ultrasonics ARCCB-TR- 86003
ARCCB-TR-86018
ARCCB -TR- 86027

Unloading-Compliance ARCCB-TR-8602 1

Uranium Alloys ARCCB-TR-86031

White Layers ARCCB-TR- 8602-8

Young's Modulus ARCCB-TR- 86004

18

Jill I-



AD NUMBERS--1986

REPORT NUMBER AD NUMBER

ARCCB-TR- 86001 A165 788

ARCCB-TR-86002 A16S 789

ARCCB-TR-86003 B100 801L

ARCCB-TR-86004 A166 415

ARCCB-TR- 86005 A166 666

ARCCB-CR-86006 8100 521L

ARCCB-TR-86007 A166 416

ARCCB-TR-86008 A166 668

ARCCB-TR-86009 A166 881

ARCCB-TR-86010 A166 741

ARCCB-CR-86011 A168 195

ARCCB-TR-86012 A167 633

ARCCB-MR- 86013 A168 665

ARCCB-TR-86014 A169 443

ARCCB-TR-860 15 A169 442

ARCCB-CR-860 16 B102 544L

ARCCB-CR-8601 7 B102 546L

ARCCB-TR-86018 A168 813

ARCCB-SP-86019 A170 266

ARCCB-TR-86020 A170 257

ARCCB-TR-8602 1 A170 494

ARCCB-TR- 86022 A170 227

ARCCB-MR-86023 A171 096

19



www-- - - - -- -- - -

AD NUMBERS--1986 (CONT.)

REPORT NUMBER AD NUMBER

ARCCB-TR- 86024 A170 493

ARCCB-TR-8602S B104 034L

ARCCB-TR-86026 A180 332

ARCCB-TR-86027 A180 178

ARCCB-TR-86028 B106 391L

ARCCB-CR-86029 A174 369

ARCCB- CR- 86030 B106 370L

ARCCB-TR-86031 B106 962L

ARCCB-NIR-86032 B107 827L

ARCCB-TR-86033 A174 432

ARCCB-TR-86034 A174 127

ARCCB-TR-86035 A174 452

ARCCB-CR-86036 B108 524L

ARCCB-TR- 86037 A181 600

ARCCB-CR-86038 B108 889L

ARCCB-TR- 86039 A181 758

ARCCB-MR- 86040 A181 909

ARCCB-CR-86041 B108 754L

20

ii11Ii



SECURITY CLASSIFICATION OF THIS PAGE Meno Dote BnReI _________________

REPORT DOCUMENTATION PAGE BFRE COSTRUTINSOR

1REPORT NUMBER 2. GOVT ACCESSION NO. 3. RECIPIENT'S CATALOG NUMBER

4. TTLE ond ubtfle)S. TYPE Of REPORT & PERIOD COVERED

J~ TESTING USING ARC-TENSION SAMPLES Final

6. PERFORMING ORG. REPORT NUMBER

7. AUTHOR(s) 8. CONTRACT OR GRANT NUMBER(&)

J. A. Kapp and W. J. Bilinsky (see reverse)

9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT. PROJECT. TASK
AREA A WORK UNIT NUMBERS

US Army Armament Research & Development Center AMCMS No. 6111.02.H600.011
Benet Weapons Laboratory, SM4CAR-CCB-TL PRON No. lA42SMS4lAlA
Waterviet, MY 12189-4050

11. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE

US Army Armament Research & Development Center January 1986
Close Combat Armaments Center 13. NUMBER OF PAGS

Dover, NJ 07801-5001 19
1M. MONITORING AGENCY NAME & ADDRESS(il different from, Controlling Office) 1S. SECURITY CLASS. (of tie report)

UNCLASSIFIED
15&. DECLASSI FICATION/ DOWNGRADING

SCHEDULE

14. DISTRIBUTION STATEMENT (of thle Report)

Approved for public release; distribution unlimited.

17. DISTRIBUTION STATEMENT (of the abstract offered in Block 20, It different how, Report)

IS. SUPPLEMENTARY NOTES

Presented at the 17th National Fracture Mechanics Symposium, Albany, NY,
7-9 August 1984.
Published in Proceedings of the Symposium.

IS. KEY WORDS (Continue on reveree side it necoeawr and Identify by block numnber)

JkC Testing
Alternate Specimens
J Analysis
Fracture Mechanics
Arc-Shaped Specimens

20, AWTVIACT (Ceitfine on Powwow wFt nveooy adIdentify' by block aumbar)

vj as determined in two materials (6061-T651 aluminum and ASTH A-723 grade 1.,
class 4 pressure vessel steel) using arc-tension (A(T)) and compact tension
(C(T)) samples. The J-R curves were determined by using both the multispecimen
method and the compliance unloading method. J was determined for the A(T)
specimen by the Kerkle-Corten method of analysis as modified by Clarke and
Landes. A correction factor was included to account for the tensile loading

(CONT'D ON REVERSE)

DO A U ,,17 DTO PINV61OSLECLNC LASS IF IED
* 21 S9CI"TY CLASSIFICATION OF THIS PAGE (When Dote Entered)



SECURITY CLASSIFICATION OF THIS PAOE(Wha, Data Xntevd)

7. AUJTHORS (CONT'D)

W. J. Bilinsky
General. Electric Company
Selkirk, NY

20. ABSTRACT (CONT'D)

component, and both the plastic and elastic components of J were necessary
when using the A(T) sample. With the proper formulas for J in the A(T)
sample, the same J-R curves were determined in both materials using either
A(T) or C(T) samples. This preliminary study suggested that the A(T) sample
was totally adequate for J1. testing and should be included in subsequent
versions of ASTH Method E-813 on Jjc, A Measure of Fracture Toughness.

NN.

8 Il



SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)

REPORT DOCUMENTATION PAGE READ INSTRUCTIONS
BEFORE COMPLETING FORM

I. REPORT NUMBER 2. GOVT ACCESSION NO. 3. RECIPIENT'S CATALOG NUMBER

ARCCB-TR- 86002 _

4. TITLE (and Subtitle) S. TYPE OF REPORT & PERIOD COVERED

CORROBORATIVE MEASUREMENTS OF THE TRANSVERSE
MOTION OF A GUN TUBE DURING FIRING Final

S. PERFORMING ORG. REPORT NUMBER

7. AUTHOR(.) S. CONTRACT OR GRANT NUMBER(*)

T. E. Simkins, G. A. Pflegl, and R. D. Scanlon

9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT. PROJECT. TASK

US Army Armament Research & Development Center AREA & WORK UNIT NUMBERS

Benet Weapons Laboratory, SMCAR-CCB-TL AMCMS No. 6111.02.H600.011
Watervliet, NY 12189-4050 PRON No. lA52F5lDlAlA

I I. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE

US Army Armament Research & Development Center January 1986
Close Combat Armaments Center 13. NUMBER OF PAGES

Dover, NJ 07801-5001 20
14. MONITORING AGENCY NAME & ADDRESS(iI different from Controlling Office) 15. SECURITY CI.ASS. (of thle report)

UNCLASSIFIED

ISa. DECL ASSI FICATION/DOWNGRADING
SCHEDULE

16. DISTRIBUTION STATEMENT (of thle Report)

Approved for Public Release; Distribution Unlimited

17. DISTRIBUTION STATEMENT (of the abstract entered In Block 20. It different from Report)

IS. SUPPLEMENTARY NOTES

Presented at the Fourth U.S. Army Symposium on Gun Dynamics, Hilton Inn of the
Palm Beaches, Riviera Beach, FL, 7-9 May 1985, and published in the proceedings.

1. KEY WORDS (Continue on reverse side If leceseay aid Identify by block number)

Ballistics
Dynamics
Transverse Motion
Gun Dynamics
Muzzle Rotation

2. ABTRACT (Cmam re erse s It nareemy md ldertif by block numbet)
This work presents new measurements of transverse motion of the 30 mm (GAU-8)
gun tube first reported at the Third Gun Dynamics Symposium in 1982. The
measurements are unique and fully corroborated through the use of two
independent measuring devices. Ii particular, the work discusses three items
of interest. First, there definitely exists a 'base-line' transverse tube
movement, the cause of which has yet to be determined. The magnitude of this

(CONT'D ON REVERSE)

DO ,FO ' 1473 EDITION OFI NOV SIS O9SOLETE UNCLASSIFIED

* 23 SECURITY CLASMSFICATION OF THIS PAGE (When Date Entered)



SECURITY CLASSIFICATION OF THIS PAGE(Wtmm Data Enet*Q

20. ABSTRACT (CONT'O)

motion is of the same order as that due to other causes intentionally
introduced for study. Second, intentionally introducing an eccentric breech
mass produces muzzle displacements in good agreement with theoretical models,
provided the 'base-line' component is accounted for. Finally, the muzzle
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affect muzzle displacement. It is concluded that predictions from gun
dynamics models which agree well with displacement measurements, may err
greatly when used to predict muzzle rotation, the quantity of which is of

central interest.
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Edges of objects setting on or within a flat terrain can be defined by the
* slope or gradient change occurring at the edge. A simple estimate of slope
* change is to calculate the Laplacian using incremental range measurements taken

at different elevation angles. The Laplacian is defined as the second
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detecting edges in order to differentiate between actual edges and noise

effects. In this report, results are presented which describe the effects on

minimum detectable slope change of (1) noise levels, (2) probability of miss,

(3) probability of false alarm, (4) spacing of the measurements, and (5)

random distribution of edges near range measurement points.
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to operate both electrolytes above 725*C to obtain dense coherent deposits.
Coating morphology was described by optical and scanning electron microscopy
(SEM) morphology, while coating structure and properties were characterized by
x-ray diffraction analysis. In particular, a series of diffraction
measurements were reported to describe the changes in the microstructure of
the deposited material as a function of the preparation conditions.
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program developed requires only minimal input to estimate life: cylinder
dimensions, notch depth and root radius, internal pressure, and material yield

strength. Other material properties (low cycle fatigue data, fracture
toughness, and crack growth law) are permanently stored.

' The program calculates the elastic stress concentration factor using a Neuber
diagram as a default. If the elastic kt is known from other sources, this
feature of the program can be overridden. The stress concentration factor is
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- Once the local strains are known, crack initiation life is estimated using the
stored low cycle fatigue data. A crack is then assumed to exist and a power
law is integrated to determine crack propagation life to failure. The total
life is the sum of the initiation and propagation lives.

The applicability of the design method is demonstrated by using it to predict
the total fatigue lives of existing cylinder designs with measured fatigue
lives. The method's predictive capability is very good to conservative. In
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-i is presented.
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arrays. The system implements a 256 channel parallel set of A/D and D/A
converters for attachment to an arbitrary array. All 256 channels operate
simultaneously at a maximum sampling frequency of 10 MHz. Hence, the total
throughput of signal samples reaches 2.5 billion samples per second in a
"burst" mode. The multiple-ported DRAM memory has ix10 6 bytes of local high
speed storage. Since all of the input and output signals are in digital form,
a wide variety of image processing techniques can be employed. For example,
from a single pulse, it is possible to reconstruct the two-dimensional
hologram of the ultrasonic imaging using fast digital hardware. The images
can also be prepared by pulse-echo techniques using the same system.
Transmission from one portion of the array and monitoring the signal in
another portion simultaneously to detect interelement coupling is possible.
In this way, all of the key array parameters can be controlled and calibrated.
Because of the D/A capability of the system, various signals can be
transmitted from each array element,'thereby permitting focusing and design of

* optimum probing signals.
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many commercially available components with a minimum use of one-of-a-kind
electronic interface boards. It is a versatile, programmable stand-alone
unit capable of scanning one billet every half hour. The second phase
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model considering the Bauschinger and hardening effects during unloading, but
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environment. The embrittlement susceptibility was the same for both the
notched specimens and for the specimens that had a fatigue precrack at the
root of the notch. On the other hand, identical as-notched specimens of low
strength steel were immune to lead embrittlement. However, when these
specimens were fatigue precracked, they were severely embrittled- by liquid
lead. This variation in susceptibility to embrittlement is discussed in terms
of the prevalent "reduction in cohesion" mechanism of liquid metal embrittle-
ment. The implications of these results in determining the embrittlement
susceptibility or elimination are also discussed.
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Heavy and Combat Service Support Mission Areas. The GALS concept stresses

improved resupply of ammunition, rapid rearm, and automatic loading of the
A main gun for combat vehicles. Phase I of the program required the identifica-

tion of technologies, the generation of a conceptual design, and the
fabrication of a full-scale model of the design. Phases II and III of the
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program are planned to mature the technologies for a laboratory breadboard
and a live firing prototype, respectively.

This report describes the work done on Contract DAAA22-85-C-0213 by Emerson
Electric Company in Phase I. It includes a description of the conceptual
design, an assessment of ammunition logistics, and human engineering analysis
performed. An ammunition packaging materials evaluation and an outline
test plan for the demonstrator are included.
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cycles required to initiate a crack at the notch. Crack initiation was
determined by ultrasonic measurement and verified by visual examination of the
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The theoretical predicted fatigue life of a high strength steel tube which has
a. undergone an autofrettage Irocedure is significantly higher than the

experimental prediction. To account for the discrepancy, attention is now
turned to developing better elastic-plastic models for a high strength steel.
An improved material model shows that reverse yielding may occur in the inner
portion of the tube. This reverse yielding reduces the residual compressive
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hoop stress considerably which has an adverse effect on bore crack

propagation. This study considers the stress intensity factors due to a
radial crack taking the Bauschinger effect into consideration.

The elastic-plastic interfaces during loading and unloading in the

autofrettage process divide the tube into three-ring regions. The residual

stress distribution in each region is quite different. When a crack grows
[" from one region into another, the previous method using functional stress

intensity fails. A new method is used to obtain stress intensity factors for

" a radial crack growing out of the reverse yielding zone. This approach is

, * based on crack face weight functions obtained by Sha using stiffness

derivative finite element techniques coupled with singular crack-tip elements.
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Residlual stresses in short cylinder sections cut from autofrettaged larger
steel tubes have been measured by means of the acoustoelastic effect. Ultra-
sonic shear waves polarized along the hoop and radial direction and propagating
in tnhe axial direction, as well as longitudinal waves, were used. Calibration
specimens cut from similar type material were used to determine the velocity
changes of longitudinal and shear waves propagating perpendicular to an applied
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isotropic materials to obtain the pressure dependence of the equation if t.,

and the shear and longitudinal velocity to fifth order elastic constants.

resulting expressions are implicit in terms of the pressure and explicit i-i

terms of the strain. The use of a symbolic program allows us to eliminate the

strain parameter. Even though the expressions are extremely lengthy,
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For a vent length of two diameters and pressure orifices located at
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located at the upstream side, and on the downstream side the pressure
ratio was 0.07. For a vent length of three diameters and pressure
orifices located at L/D = 2.67, the highest pressure ratio of 0.17
occurred at the downstream location, and at the upstream and side
locations the pressure ratios were approximately 0.10.
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